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The prevention of head on crashes is one of the major concerns for highway safety, 
especially on high-speed rural roads. Head-on crashes are typically caused by errant vehicles 
crossing the median and colliding with oncoming vehicles. Due to the high speed of the 
colliding vehicles on major rural highways, cross median crashes can result in severe damage 
and fatalities. Median barriers are designed to prevent such events by safely redirecting the 
errant vehicles. Various types of barriers have been developed over the years including rigid, 
semi-rigid, and flexible systems.  
This project has reviewed relevant Australian and international guidelines, standards, and 
literature in order to identify and attempt to quantify all significant risk factors contributing 
to cross median crashes on high-speed divided carriageways. The literature review provided 
an extensive review of the existing guidelines. The consistency could not be relied on as the 
designer’s professional judgement is necessary to consider the hazards. The presence of 
individual judgement will result in some inconsistency of application of the guidelines. The 
questionnaire indicated some inconsistencies in the selection of median barriers on high-
speed divided carriageways. It was found that professional judgement results in some 
inconsistency of application. This paper proposes to multiply individual risk factors to widen 
the envelope of circumstance where the median barrier is considered mandatory. 
The proposed revised guidelines were applied to the two case study sites on the recently 
constructed Pacific Highway, North of Coffs Harbour. The Moonee Interchange site was 
found to just outside of the revised mandatory envelope which may possibly still warrant a 
median barrier. The Graham Drive site was found to be within the revised envelope. 
Therefore a median barrier is warranted at this site, which reflects the views of some 
experienced road designers. 
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Chapter 1: Introduction 
The prevention of head on crashes is one of the major concerns for highway safety, 
especially on high-speed rural roads. Head-on crashes are typically caused by errant vehicles 
crossing the median and colliding with oncoming vehicles. Due to the high speed of the 
colliding vehicles on major rural highways, cross median crashes can result in severe damage 
and fatalities. Median barriers are designed to prevent such events by safely redirecting the 
errant vehicles. Various types of barriers have been developed over the years including rigid, 
semi-rigid, and flexible systems.  
There are numerous standards that can be applied to determine if a median barrier is 
warranted for a divided carriageway. Most of those standards include a zone on their 
warrant charts where installation of barriers is optional and rely on the individual designers’ 
preferences. That judgment can lead to a difference in opinion as to whether a median 
barrier is warranted. It is not always apparent as to whether all factors are considered. This 
study seeks to add more clarification to how significant risk factors are considered in 
addition to the standard risk factors in current use. 
This chapter includes the following sections: 
 Background – provides supporting details on the research topic 
 Project Aims – states the aims of the research 
 Project Justification – provides details on the need for the research 




The Bureau of Infrastructure, Transport and Regional Economics (BITRE 2015) found that, in 
Australia: 
 National or State highways account for 30% of fatal crashes; and 
 Around half of all deaths are from either head-on or single vehicle run-off-road 
crashes 
 
Figure 1 - Deaths from common crash types (BITRE 2015) 
Cross-median crashes are a type of crash on divided carriageways where errant vehicles 
cross the median. The median is the reserved area that separates opposing lanes of traffic 
on divided carriageways. If vehicles do lose control and begin to cross the median, a wider 
median will allow some opportunity for these vehicles to recover however there can be a 
number of constraints on widening the median such as land acquisition costs, environmental 
impacts and construction costs. Median barriers are longitudinal barriers used to separate 
opposing traffic on divided carriageways. 
Austroads (2010) states that guidelines for the provision of barriers to protect drivers from 
severe cross-median crashes may vary between jurisdictions and therefore designers should 
refer to relevant road authority policies and guidelines. Austroads and RMS guidelines deal 
specifically with AADT, median width and crash history. Literal application of these 
guidelines do not consider other factors that increase the risk of cross median crashes such 
as horizontal alignment, median slope, heavy vehicle contributions or other points of driver 
distraction. They have no consistent approach to dealing with warrants that have several 
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factors affecting that particular location. For new alignments, there is no crash history and 
dealing with a high-speed, high-standard alignment, with the majority of obstacles removed 
from the clear zone can be challenging. Also, not all the relevant factors are directly 
considered by the applicable standards for median crash barriers. 
Median barriers can reduce the frequency of severe cross-median crashes but may increase 
the frequency of less severe median barriers collisions (Donnell & Mason Jr 2006; Stine et al. 
2010; Hu & Donnell 2010; Zou et al. 2014). Cable median barriers are more absorbing of the 
impact than concrete barriers and W-beam guardrails when struck by an errant vehicle. The 
cables deflect laterally and reduce the impact forces transmitted to the vehicle occupants. 
The high flexibility of cable barriers, however, requires that the medians have sufficient 
widths to allow for lateral cable deflections (Fang, Wang & Weggel 2015). The cost to install 
cable median barriers is less than the other types; however, the maintenance costs after a 
crash can be higher. Guardrail has similar installation and repair costs to wire rope barrier. 
Concrete barriers are typically used on medians where there is no room to accommodate a 
more flexible barriers dynamic deflection.  
1.2 Project Aims 
The aim of this project is to research and review relevant Australian and international 
guidelines, standards, and literature in order to identify and attempt to quantify all 
significant risk factors contributing to cross median crashes on high-speed divided 
carriageways. To meet this objective, this project will:  
 Review existing guidelines for consistency and adequacy; 
 Review consistency of application of median barriers on high-speed divided 
carriageways;  
 Propose revised guidelines; and 
 Apply revised guidelines to sample sites on the Pacific Highway 
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1.3 Project Justification 
For the purpose of this research, the focus is on high-speed divided carriageways such as the 
Pacific Highway between Newcastle and Tweed Heads. This highway is undergoing a 
significant upgrade to being a high-speed divided carriageway. The specific sites focused on 
will be on the Sapphire to Woolgoolga Upgrade, north of Coffs Harbour, NSW. The upgrade 
was opened in July 2014. Some road designers consider that a median barrier is warranted 
at the following two locations and some consider it is not warranted. The two sample sites 
where there has been some conjecture for median barrier warrants are:  
 Graham Drive (South) 
 Moonee Beach interchange 
This research project will provide road designers with more information to make a decision 
on installing median barriers at particular locations where they are currently considered 
optional.  
This information may be particularly useful for the retrofitting of specific sites on the Pacific 
Highway. The specific sites that will be looked at in this project are on the Pacific Highway 
are North of Coffs Harbour. The expected outcomes of the research include: 
 A more consistent application of median barriers on high speed divided carriageways 
 Potential increases in risk for maintenance crews if barriers installed 
 Ongoing maintenance costs 




1.4 Project Methodology 
The project presented in this report employed a range of methodologies to deliver the aim 
and objectives of the project. The method has been divided into five stages. 
A literature review was carried out to summarise relevant literature in relation to median 
barrier warrants on high-speed divided carriageways and to justify the research. The 
literature review includes background on the current guidelines, and the relationship and 
importance of the contributing factors for median barrier warrants.  
A questionnaire was created in order to source the opinions of industry practitioners and 
experts in relation to median barrier warrants on high-speed divided carriageways.  
An analysis of the identified risk factors was carried out to quantify the identified risks and 
consider the effect of a combination of multiple risk factors. This section used the factors 
from the literature review and questionnaire results to attempt to quantify the risk factors 
using theoretical models and previous literature. The factors that were considered in the 
analysis were: stopping distance down a slope, runoff distance, distraction factor, and a 
horizontal curvature factor. Then, combining the risk factors together made a cumulative 
risk factor equation.  
Case studies of two sample sites were carried out in order to identify the risk factors on site 
that were not evident on the design plans. This section also involved a site visit. 
Different barrier types were discussed in relation to their cost and properties. The 
advantages and disadvantages of each type were stated. The average rates for each barrier 
type were given. This took into account the installation cost, but not the maintenance cost 
per year and repair cost per crash. Also, the cost of road crashes in Australia was discussed. 
In relation to the case studies, these sites are clear of obstructions and there is plenty of 
room for median barriers to be post-fitted. 
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Chapter 2: Literature Review 
A literature review is an essential part of a research project. It includes a brief summary and 
critical analysis of relevant available literature relating to the project topic. The review is 
undertaken to identify previous studies and to justify the reason for the research. The 
literature review includes background on; the relationship and importance of the 
contributing factors for median barrier warrants, the current road authority guidelines, and 
types and properties of median barriers. 
2.1 Road Authority Guidelines 
The following agencies provide research and guidelines in relation to road design and road 
safety: 
 Roads and Maritime Services (RMS) is a NSW State Government agency responsible 
for implementing strategy and delivering essential frontline services to people who 
use roads, harbours and waterways. They are part of Transport for NSW (RMS 2015). 
 Austroads is the association of Australasian road transport and traffic agencies. Their 
purpose is to improve Australian and New Zealand transport outcomes by: providing 
expert technical input to national road and transport policy development; improving 
the practices and capability of road agencies; and promoting operational consistency 
by road agencies (Austroads 2015). 
 The American Association of State Highway and Transportation Officials (AASHTO) 
is a non-profit, non-partisan association representing highway and transportation 
departments in the 50 states, the District of Columbia, and Puerto Rico. They serve as 
a liaison between state departments of transportation and the Federal government. 
AASHTO is an international leader in setting technical standards for all phases of 
highway system development (AASHTO 2015) 
 A forum for coordinated and collaborative research, the National Cooperative 
Highway Research Program (NCHRP) addresses issues integral to the state 
Departments of Transportation and transportation professionals at all levels of 
government and the private sector. The NCHRP is administered by the Transportation 
Research Board and sponsored by the member departments of AASHTO, in 
cooperation with the Federal Highway Administration. Individual projects are 
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conducted by contractors with oversight provided by volunteer panels of expert 
stakeholders (NCHRP 2015). 
2.1.1 American Road Authority Guidelines 
The American Association of State Highway and Transportation Officials (AASHTO) Road 
Design Guide (2011) has been used extensively in the United States as the basis for warrants 
for median barriers on high-speed divided carriageways. Some states in the United States use 
their own slightly different interpretation of Figure 2 provided by AASHTO (2011) for 
warrants for median barriers on high-speed divided highways. The concept was developed in 
the 1950s and typical vehicle types, speed and volumes have changed significantly since then 
(Donnell & Mason Jr, 2006). 
 
Figure 2: Median barrier warrant guideline for high-speed roadways (AASHTO, 2011) 
With the increased use of barriers on divided highway medians there are some 
disadvantages. The initial cost of installing a barrier may be significant and the barrier will 
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generally increase the number of crashes as the recovery area for errant vehicles is reduced. 
As a result there could be increased maintenance costs as well as increased exposure to the 
maintenance crews completing the repairs. Another concern associated with the installation 
of a median barrier is that it will limit the options of maintenance and emergency vehicles to 
cross the highway medians. For these reasons a one size fits all recommendation for the use 
of median barrier is not appropriate. Figure 3 shows a cross section of a typical divided 
carriageway. Figure 2 is the most commonly used median barrier warrant reference. It shows 
where a barrier is not normally considered, where the need for a median barrier is to be 
evaluated and where a barrier is considered optional. The barrier optional part of this graph 
has been focused on by many studies. 
 
 
Figure 3: Cross-sectional view of road showing median location (AASHTO, 2011) 
 
2.1.2 Australian Road Authority Guidelines  
Austroads (2010) Guide to Road Design Part 6: Roadside Design, Safety and Barriers, states 
that guidelines for the provision of barriers to protect drivers from severe cross-median 
crashes may vary between jurisdictions and therefore designers should refer to relevant 
road authority policy and guidelines. 
Austroads (2015c) states that the guide must be applied in conjunction with the skill and 
judgement of the designer. Compliance with these guidelines does not relieve designers of 
the responsibility for establishing that their design was suitable, appropriate and adequate 
for the required purpose. The designer should take care to ensure that the minimum criteria 
do not lead to an unsatisfactory or unsafe design overall. The guide states that design values 
that are within the design limits do not necessarily guarantee an acceptable design. The 
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design has to be developed with sound professional judgements. And the guidelines assist 
the designer in making those judgements. 
In NSW, the Roads and Traffic Authority (RTA), now called Roads and Maritime Services 
(RMS) have a supplement to the Austroads Design Guide. Figure 2 is used as an aid in the 
decision to install a safety barrier in a median. The location of a barrier in the median is 
influenced by the cross-section details. The guidelines shown in Figure 4 are similar to Figure 
2 for where a median barrier is required. 
 
Figure 4: Guidelines for the provision of a median barrier (RTA, 2011) 
The Tasmanian Government (2007), as well as most other road authorities, currently use the 
guideline criteria provided by AASHTO (2011), as seen in Figure 2, for the provision of 
median barriers on high speed, controlled access roadways that have relatively flat, 
traversable medians. These criteria are based on limited analysis of median crossover 
crashes and research studies and are suggested for use where more current or site specific 
data is not available. 
The Road planning and Design Manual from the Queensland Department of Transport and 
Main Roads (2014) outlines some of the factors and criteria that should be considered in 
assessing the need for median barrier warrants. Figure 5 shows the median barrier warrant 
guidelines. Where the AADT is projected to be less than 30,000 vehicles per day within 10 
years, a risk assessment is to be carried out. It will include consideration for traffic volume, 
median width and crash history. 
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Figure 5: TMR recommended median barrier guidelines for high speed divided roads (TMR, 
2014) 
VicRoads (2011) use the guideline presented in Figure 2 with some minor changes. 
Engineering judgement based on site conditions and current road safety practice needs to be 
exercised to determine where a safety barrier is required. VicRoads (2011) also specify a few 
conditions where warrants may not apply and also factors considered in median barrier 
selection. 
2.1.3 Canadian Road Authority Guidelines   
The freeway median barrier volume/width study warrant, shown in Figure 6, had been 
developed by the Californian Department of Transportation (2012) through an extensive 
study of freeway cross-median collisions. Median barrier warrants should be considered on 
freeways whenever the volume and median width plot in the grey area. The probability of a 
wayward vehicle crossing the freeway median and colliding with an opposing vehicle is low 
when either one or both of the following conditions exist: 
 The Annual Average Daily Traffic is less than 20,000, or 
 The median width is more than 75 feet (23 metres) 
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Figure 6: Californian median barrier study warrant (Californian Department of 
Transportation, 2012) 
2.2 Review of Relevant Literature 
The objectives of the review were to collect information relating to theory that the current 
guidelines and standards are based upon, and the relationship and importance of 
contributing factors for median barrier warrants on high-speed divided carriageways (e.g. 
average daily traffic, median width, alignment, vehicle speed, absence of vegetation, level 
differences, regional areas, climate conditions, and surface considerations). 
Cooner et al. (2009) states that cross-median crashes most often occur as a result of conflict 
between vehicles on the road rather than as a result of a characteristic of the road or 
roadside (e.g., a sharp curve or super elevation). It is, therefore, difficult to predict where 
cross-median crashes will occur. 
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Harwood et al. (2014) studied factors contributing to median encroachments and cross-
median crashes. They focused on all factors related to median crashes not just median width 
or average daily traffic. They state that although installing median barriers will greatly 
reduce cross-median crashes, it will increase the crash risk of maintenance workers. They 
also address other counter-measures besides barriers in their research to develop more 
effective road design guidelines. They found that sharp horizontal curves, steep grades and a 
few other factors contributed to median-related crashes both individually and in 
combination. 
Harwood et al. (2014) conducted a survey that asked the road authorities of the United 
States whether their design criteria for median barriers differed from AASHTO guidelines. 
They also found that based on the sites they had studied with high median-related crash 
frequencies, the following factors were found to contribute to the occurrence of median-
related crashes on divided highways (both individually and in combination): on-ramps; off-
ramps; closely spaced on- and off-ramps; sharp horizontal curves; steep grades; bridges; at-
grade intersections; and wet and snow-covered pavement conditions. 
A study by Graham et al. (2014) evaluated median cross-section design on rural divided 
highways in the United States. They identified design, traffic, and human factors that 
influence median barrier safety. They assessed safety and cost effectiveness of a variety of 
median cross-section designs. They also evaluated the contributions of the various factors to 
median related crashes. They conclude that the AASHTO RDG should be updated to reflect 
the following: 
 The median barrier warrant guidelines (Figure 1) be updated to indicate that barriers 
should be considered for median widths up to 18m where the median slope is less 
than 1V:8H. 
 The benefit-cost analysis performed in the study found that cable median barriers may 
be more cost-effective at lower traffic volumes than suggested in AASHTO. 
Sicking, Albuquerque & Lechtenberg (2009) found that median barrier guideline criteria may 
need to be adjusted to accommodate regional climate differences. 
A study by Miaou, Bligh and Lord (2005) developed improved guidelines for the use of 
median barriers on new and existing high-speed, multilane, divided highways in Texas, 
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United States. They stated that the guidelines in AASHTO Road Design Guide have basically 
been unchanged for more than 30 years and that several road authorities in the United 
States have prompted for re-evaluation of the guidelines. They used estimation models for 
crash frequencies and severities and they also performed a cost/benefit analysis. 
Miaou, Bligh & Lord (2005, vol. 1904, pp. 2-19) recognised the fact that the presence of 
median barriers can change the characteristics of median crashes. However, the type of 
barrier, its location, and the impact conditions, impacts with median barriers can be severe. 
Therefore, when developing median barrier guidelines, researchers must understand and 
consider the entire picture.  
A study by Karim, Alam & Magnusson (2011) analysed how factors such as road barrier type, 
road type, speed limits, and seasonal effects influence the number of barrier repairs and the 
associated costs. They concluded that a recommendation to use a specific barrier type must 
not only be made on the basis of maintenance aspects. There are several other important 
aspects that have to be considered, e.g., life-cycle costs and safety performance. 
Donnell & Mason Jr (2006) investigated median design policies for high-speed, divided 
highways to assess existing median barrier warrant criteria. Safety and cost-effectiveness 
analyses were conducted to determine relationships between median-related crashes and 
geometric and traffic operational variables. Count regression models were used to estimate 
the safety performance of divided highway sections with and without longitudinal median 
barrier. Crash severity models of cross-median and median barrier crashes were estimated 
using logistic regression. They found that a tangent alignment decreases the expected cross-
median crash frequency by nearly 31% when compared to a curvilinear alignment, 
conversely it can be stated that the crash frequency increases by 45% for a horizontally 
curved section of road when compared to a straight section. 
Neuman et al. (2003) commented that head-on crashes were usually due to drivers 
unintentionally ‘wandering’ into the opposing traffic lanes due to inattention, or travelling 
too fast around a horizontal curve. Oxley et al. (2004) stated that head-on crashes occur for 
four main reasons: fatigue or inattention; wandering onto the road shoulder and then over-
correcting and entering the opposing traffic flow; when a driver misjudges their overtaking 
manoeuvre; and when the driver travels around a horizontal curve and enters the opposing 
flow lanes due to excessive speed. Previous studies have mainly focused on contributory 
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factors such as median width and average daily traffic. Some researchers have studied how 
cross-sectional elements and geometry of the road can influence the frequency of median 
related head-on crashes. 
Ray et al. (2009) examined design standards, policies and performance of cable median 
barriers in the United States. They found that the use of cable median barriers in depressed 
medians with moderate slopes had a significant effect on the reduction of cross-median 
crashes in many states. However, occasional fatal crossover crashes penetrating the cable 
barrier still demand attention and improved procedures for placement of cable median 
barriers. 
Hu and Donnell (2010) studied the severity of median barrier crashes. They used statistical 
models to estimate the crash severity on rural divided highways. They found that collisions 
with cable median barriers were less severe than with concrete or guardrail median barriers. 
They also found that the presence of a cable median barrier on steeper medians increased 
crash the frequency of severe crashes compared to cable barriers installed on flatter slopes. 
Shankar, Mannering and Barfield (1995) explored the frequency of highway accidents on 
rural freeways using a multivariate analysis of roadway geometrics, weather and other 
seasonal effects. They used a negative binomial model to estimate the accident frequencies 
along with frequencies of specific accident types. They found that the presence of horizontal 
curves increased the collision rates. 
Anastasopoulos et al. (2012) studied factors affecting highway accident rates using statistical 
models. The roadway-geometric variables included in the model (horizontal curve, vertical 
grade, and median barrier presence on the roadway segment) were found to have mixed 
effects on the accident rates. They found that the presence of horizontal curve, vertical 
grade, median barrier, and junction, are all found to be statistically significant in terms of 
geometric factors and their effect on the accident rates. They also found that the AADT of 
cars and trucks are both found to have a significant impact on accident rates. They conclude 
that their impact on accident rates varies across roadway segments. 
Hosseinpour, Yahaya and Sadullah (2014) studied the effect of roadway characteristics on 
the frequency and severity of head-on crashes. They identified contributing factors and 
developed crash prediction models that relate crash outcomes to a set of contributing 
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factors. Road crash data over a four year period was used in the models. The frequency of 
head-on crashes was fitted by developing and comparing seven different count-data models. 
They found that based on their models, horizontal curvature, terrain type, heavy vehicle 
traffic and access points were related to an increase in head-on crashes, while speed limit 
and shoulder width were related to a decrease. In regards to crash severity, they found that 
horizontal curvature, paved shoulder width, terrain type, and side friction were associated 
with more severe crashes. 
Gabouer and Li (2015) researched the influence of horizontal curvature on highways in 
relation to motorcycle-to-barrier crash frequency. They used police-reported data along with 
crash data with a negative binomial regression model to predict crash frequency. Based on 
their model, they found that curve radius was strongly related to crash frequency. Other 
factors that increased crash frequency were found to be curve length and traffic volume. 
Hu and Donnell (2011) estimated severity models of cross-median and rollover crashes on 
rural divided highways. Five years of vehicle, driver, roadway and median cross-section data 
were considered in the logit models for crash severity. They found that horizontal curves 
were associated with an increased chance for high-severity outcomes in median rollover 
crashes. They conclude that cross-median and median rollover crashes are associated with 
median cross-section design characteristics.  
Chimba et al. (2014) evaluated the impact of roadway cross-sectional and geometric 
features, traffic characteristics, and median cable barrier placement to the frequency of 
median barrier crashes using statistical modelling. They used a negative binomial model to 
linearize and quantify factors with respect to cross-median crash frequency. They found that 
higher differential elevation between opposite travel lanes, the presence of curves on a 
median barrier section and increasing traffic volume all increased the frequency of median 
barrier crashes. They also found that a decrease in crash frequencies occurred by increasing 
the median barrier offset from the inside shoulder of the travel way. 
Stine et al. (2010) analysed the influence of median cross-section design on highway safety 
using vehicle dynamic simulations. They mention that it is costly to perform testing of a new 
median in an observational study and that different median cross-sections could be 
evaluated to determine the safety trade-offs associated with different geometrics. They 
state that the use of longitudinal median barrier on divided highways has been shown to 
 16 
reduce the severity of median-related crashes. They also state that crash frequency has been 
shown to increase. They found that different median type, median width and cross-slope 
configurations increase the frequency of cross-median crashes.  
Kim, Donnell and Lee (2008) used a cultural consensus analysis to evaluate expert feedback 
in relation to median barrier safety. Cultural consensus analysis is a statistical method used 
to assess responses to survey questions. Although it was found that the survey participants 
generally agreed that AADT and heavy vehicle percentage increased the risk of cross-median 
crashes, they differed in opinion about the type and placement location of median barriers 
on high-speed divided highways. 
Chitturi et al. (2011) quantified the injury outcomes and developed reliable injury costs for 
cross-median crashes and median barrier crashes. Their results indicate that using one set of 
costs for all crash types bias any evaluation, therefore they recommend that crash-specific 
costs be used in applications such as development of median barrier warrant criteria. They 
conclude that better decisions and a more realistic benefit/cost analysis can come from 
using crash-specific costs. 
Zou et al. (2014) studied the effectiveness of cable barriers, guard rails, and concrete barrier 
walls in reducing the risk of injury. In their literature review they mentioned that previous 
studies were generally concluded that installing road barriers tends to increase the 
frequency of low-severity crashes but reduces the severity of high-speed crashes. They state 
that installing median barriers on both sides of the median to reduce their lateral offset is 
beneficial for society. They conclude that a cable barrier is preferred over a guardrail, and a 
guard rail is preferred over a concrete barrier where the road and traffic conditions allow. 
A study by Karim, Alam and Magnusson (2011) examined road barrier repair costs for 
different barrier types and factors that influence those costs. The study focused on the cable 
and w-beam median barriers. Influencing factors such as road type, speed limit, barrier type 
and seasonal effects were included in the research. They found that the number of barrier 
repairs and the average cost of per vehicle kilometre are higher along collision-free roads 
than along motorways and 4-lane roads. Their results also show that the cost was generally 
higher for cable barriers compared to other barrier types.  
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Martin, Mintsa-Eya and Goubel (2013) examined the long-term impact of longitudinal 
barriers located on the medians and hard shoulders of toll motorways. The study was based 
on crash data involving injury or property damage between 1996 and 2010 along a 2000 
kilometre length of motorway in France. They found that metal guardrail was the most 
efficient in preventing cross-median crashes and that concrete barriers are much more 
effective in preventing cross-median crashes but with very serious consequences. 
Elements of median design (e.g. width, slope, type of raised or depressed, etc.) may 
influence crash frequency or severity. Wide medians reduce the likelihood of a head-on 
collision. Median slope and design can affect the incidences of rollover and other single 
vehicle (fixed object) crashes, as well as head-on collisions). (Sicking, Albuquerque & 
Lechtenberg 2009) 
Kang and Lee (2007) establish a decision-making process for median barrier installation. The 
process is called AHP (Analytic Hierarchy Process) and it is a flexible model that deals with 
the qualitative variables and allows the road designer to make decisions by personal 
judgment in a logical way. The process involves multiple criteria (safety, economic efficiency, 
possibility of installation, and regional equity) and it gives the greatest weight to safety in 
relation to prevention of head-on crashes which are most strongly affected by median 
barriers. 
2.3 Road Design Constraints 
2.3.1 Sight Distance – Austroads 
Sight distance is how far away a driver can view an object or obstruction ahead. The 
stopping sight distance (SSD) represents the necessary distance where a driver can react, 




Figure 7 - Stopping sight distance (Austroads 2015c) 
Reaction time  
Reaction time is the time for a driver to perceive and react to a particular stimulus and take 
appropriate action. This time depends on: 
 alertness of the driver 
 recognition of the hazard 
 the complexity of the decision or task involved 
Table 1 - Reaction Time (Austroads 2015c) 
Reaction time  
RT (s) 
Typical road conditions Typical use 
 
2.5 
 Un-alerted driving conditions due to the road only 
having isolated geometric features to maintain driver 
interest  
 Areas with high driver workload/complex decisions  
 High speed roads with long distances between towns  
Absolute minimum value for high 
speed roads with un-alerted driving 
conditions.  
General minimum value for:  
 high speed rural freeways  
 high speed rural intersections  




 Higher speed urban areas  
 Few intersections  
 Alerted driving situations in rural areas  
 High speed roads in urban areas comprising numerous 
intersections or interchanges where the majority of 
driver trips are of relatively short length.  
 Tunnels with operating speed ≥ 90 km/h.  
Absolute minimum value for the 
road conditions listed in this row.  
General minimum value for most 
road types, including those with 




Alert driving conditions e.g.:  
 high expectancy of stopping due to traffic signals  
 consistently tight alignments for example, mountainous 
roads  
 restricted low speed urban areas  
 built-up areas – high traffic volumes  
 interchange ramps when sighting over or around 
barriers  
 tunnels with operating speed ≤ 90 km/h.  
Absolute minimum value. Only used 
in very constrained situations where 
drivers will be alert.  
Can be considered only where the 
maximum operating speed is ≤ 90 
km/h.  
Should not be used where other 





 The driver reaction times are representative for cars at the 85th percentile speed and 
for heavy vehicles. The deceleration rates for heavy vehicles cover the inherent delay 
times in the air braking systems for these vehicles. 
 The above times typically afford an extra 0.5 s to 1.0 s reaction time to drivers who 
have to stop from the mean free speed. It is considered, for example, that the mean 
free speed is more representative of the speed travelled by older drivers. 
Longitudinal Deceleration 
Longitudinal deceleration is the measure of the longitudinal friction between the vehicle 
tyres and the road surface. It is dependent on factors such as: 
 the speed of the vehicle,  
 tyre condition and pressure,  
 type of road surface and its condition, including whether it is wet or dry.  
The typical assumption for braking deceleration should allow for the likely worst case in all 
weather conditions. Recommended values for the coefficient of deceleration for bituminous 
and concrete surfaces are shown in Table 2. A coefficient of deceleration for a rural highway 
is 0.36. 
Table 2 - Coefficients of deceleration (Austroads 2015c) 
Vehicle type Coefficient of 
deceleration 
(d) 
Driver/road capability  
 
Typical use  
 
 0.61 Braking on dry, sealed roads.  
 
Specific applications where the normal stopping sight 
distance criteria applied to horizontal curves produce 
excessive lateral offsets to roadside 
barriers/structures.  
Cars 
0.46 Mean value for braking on 
wet, sealed roads for a 
hazard.  
Maximum values when 
decelerating at an 
intersection.  
Absolute maximum value for stopping sight distance. 
Only to be used in constrained locations, typically on:  
 lower volume roads  
 less important roads  
 mountainous roads  
 lower speed urban roads  
 sighting over or around barriers  
 tunnels 
0.36 About a 90th percentile value 
for braking on wet, sealed 
roads.  
Maximum value allowed for 
deceleration lanes at 
intersections.  
Desirable maximum value for stopping sight distance 
for most urban and rural road types, and level 
crossings.  
0.26 Comfortable deceleration on 
sealed roads.  
Normal driving event.  
Desirable maximum value for stopping sight distance 
for major highways, freeways and for deceleration in 
turn lanes at intersections.  
Maximum value for horizontal curve perception sight 
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distance.  
0.27 Braking on unsealed roads  Stopping sight distance on unsealed roads. This value 
is very dependent on the surface material and should 
be verified where possible.  
Trucks 0.29 Braking by single unit trucks, 
semi-trailers and B-doubles 
on dry, sealed roads.  
Minimum value required by 
vehicle standards regulations.  
Maximum value for truck stopping sight distance for 
most urban and rural road types, and level crossings.  
Buses 0.15  Desirable braking to ensure passenger comfort 
approaching a bus stop. 
 
2.4 Literature Review Conclusions 
After reviewing the literature it has been found that vehicle conflict is a major factor in 
crashes (Cooner 2009). The potential for conflict is increased by traffic volume and this is 
supported by traffic volume being the dominant factor in the median barrier warrant charts 
for most road authorities. Other studies, such as Neuman et al (2003), demonstrate that 
there are other factors involved in crashes that could be considered in cross median crashes. 
Cost-effectiveness is also an important factor in considering warrants for barriers on divided 
carriageway medians. Cost effectiveness may change if the barriers are installed when the 
road is new compared to post-fitting them as the installation costs would be different. 
Austroads (2015c) indicates that the designer’s professional judgement is important in 
determining the need for design outcomes such as median barriers. This indicates that there 
is no one black and white answer to median barrier warrants and that the guidelines merely 




Chapter 3: Questionnaire 
3.1 Methodology 
The questionnaire asked industry practitioners / experts to rank each possible contributing 
factor to median barrier warrants from their road design experience. The questionnaire 
involved several questions which drew attention to aspects of current guidance which may 
cause application issues. The following procedure was used: 
1. Review previous literature for guidance on questionnaire creation 
2. Create questionnaire draft 
3. Submit questionnaire for review to Trevor Drysdale, USQ project supervisor, and use 
feedback to revise questionnaire. 
4. Submit questionnaire for review to Michael Bulmer, RMS Pacific Highway Design 
Manager, and use feedback to revise questionnaire. 
5. Distribute questionnaire to several industry practitioners / experts 
6. Allow several weeks for industry practitioners / experts to complete the 
questionnaire 
7. Analyse questionnaire results  
3.2 Results 
The respondents to the questionnaire are shown in Table 3 below. 
Table 3 - Questionnaire Respondents 
 Name Role Years of Experience 
1 Michael Bulmer Pacific Highway Design Manager, RMS 38 years 
2 Peter Ellis Manager Design Review and Special 
Projects, RMS 
36 years 
3 Colton Tooth Lead Design (Road), RMS 13 years 
4 David Johnson Design Manager – Northern Region, RMS 23 years 
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  Q1: Please rank the following factors on how important they are to a warrant assessment 
for median barriers on high-speed dual carriageway highways, with (5) being high 
importance and (1) being low importance. 
(Note: Importance rating was changed from 1 being the most important; to 5 as this looked 
better on the graphs.) 









Hazards in clear zone    5 
Median slope   5  
Vehicle speed 5 5 5 4 
AADT 5 5 4 4 
Median width 5 5 4 4 
Level differences 4 4 4 5 
Horizontal curvature 4 4 5 3 
Heavy Vehicle % 4 4   
Fatigue Zone  3 4   
Delineation 4 4 2 2 
Vertical curvature 3 2 3 3 
Median surface 2 3 2 2 
Road lighting 3 3 2 1 
Climate 3 3 2 1 





Figure 8 – Importance rating of factors affecting median barrier warrants 
Note: Graph does not include all responses. It excludes responses that have only been 
provided by one practitioner only. 
 
Q1: Comments 
1. The volume (AADT) of the road is an important factor as the presence or likelihood of 
a vehicle in the opposing lane is a major factor in the severity or outcome of a vehicle 
crossing the median. If a driver has a wide enough and traversable median they may 
have the opportunity to recover. The mix of heavy vehicles can be an important 
factor as these vehicles can generally punch through WRSB and W-beam barriers. 
2. In the past, it was thought that the higher the AADT, the increase in probability that a 
vehicle may cross the median and with the higher AADT then the more likely that 
vehicle will be to hit a vehicle on the opposing carriageway. I believe there are more 
factors that may increase the probability beyond an acceptable level, including 
horizontal alignment, whether the area is a known fatigue zone, etc. 
3. If one of these factors is deficient on their own that might be ok to not provide 
barrier however an effective warrant would compound the risk when a number of 
factors are deficient. 
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4. No single factor dictates the decision making process. However, the reason for 
Barrier drives the decision making process with the other factors used as part of risk 
assessment. Typically, hazards such as trees or large signage support posts etc. in the 
clear zone (10m) or the height of the road above the natural surface combined with 
the slope of the batter from the road to the natural surface. 
 
Q2: Are there any differences between the different barrier types in the median that would 
impact on their performance at that location? 
1. All barriers must be treated as hazards and therefore should only be installed if 
necessary. Impacting a WRSB is significantly less severe on the vehicle occupant then 
impacting a concrete barrier. The issue of what is beyond the barrier also dictates 
what type of barrier needs to be used e.g. adjacent to bridges over railways and 
major roads a concrete barrier should be installed as a vehicle crashing through the 
barrier travelling down between the bridges onto the railway or road below can have 
huge implications. 
2. Different barriers have different limitations from a geometric point of view. Such as 
wire rope barrier can only be used where horizontal curves are greater than 200m 
and sag vertical curves are not too sharp. And there is a requirement that the 
deflection distance is maintained free from hazards. Generally wire rope has the 
lowest severity index of all the barriers. In some cases concrete barriers is used, due 
to width restrictions or geometry constraints. There are now some steel barriers on 
the market that have a similar severity index to wire rope safety barrier. From a safe 
system approach, the barrier with the lowest severity index should be used given the 
geometric and site constraints. 
3. Rigid types (type F, sloped vertical) would contain all vehicle types. Wire rope may 
not contain heavy vehicles effectively and can redirect errant vehicles back into the 
travel lanes. 
4. Yes, concrete (type f) barrier has less deflection than guard rail which has less than 
wire rope safety barrier (WRSB). So the allowable deflection based on what barrier is 
used for is the focus. 
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Q3: At 110km/h on a straight alignment, in your opinion at what median width would a 
barrier not be considered? 
1. >11m taking into account AADT and % heavies 
2. Somewhere between 11 – 15m, depending on traffic volumes and % of heavies. 
3. Generally >11m however this comes from my experience with application of 
standards relative to clear zone. (Lots of research behind this). Personally I would be 
comfortable down to 9m on a straight where the median is recoverable. 
4. In my opinion, if median crossovers are to be eliminated a WRSB on either side 
should be installed regardless of road geometry. Otherwise there is no 
specified/mandatory median width and assessment is a case by case, or is preference 
based, i.e. Pacific highway office have median width based on preference 
 
Q4: At 110km/h on a straight alignment, in your opinion at what median width would you 
consider a barrier to be mandatory? 
1. 9m we have a number of Pacific Highway projects with 9m medians and we have only 
placed barriers on the curves and that seems to be working okay 
2. Less than 9m. 
3. Again <11m based on experience with standards (as above). Personally mandatory 
where <7m. 
4. Anything less than 10m without vegetation that acts as a barrier. 
 
Q5: At 110 km/h on a 750 m radius horizontal curve, in your opinion at what median width 
would a barrier not be considered? 
1. >11m taking into account AADT and % heavies 
2. Depending on traffic volumes, etc somewhere in the order of 11-12m. 
3. 12m 
4. No realistically constructible median width is satisfactory to avoid crossover by a 
vehicle based on width alone. WRSB should be installed on side which is the ‘outside’ 
of the curve. 
 
Q6: At 110 km/h on a 750 m radius horizontal curve, in your opinion at what median width 
would you consider a barrier to be mandatory? 
 26 
1. <11m taking into account AADT and % heavies 
2. 10m 
3. 9m 
4. Any location to eliminate crossovers due to fatigue etc. 
 
Q7: Is there a minimum grade between carriageways where you consider the median 
width to not be relevant to the median barrier assessment? 
1. The flatter the better as it aids in vehicle recovery. I have issues with 4 to 1 in the 
median and prefer them to be >5 to1 
2. Do you mean maximum grade? Once the grade between carriageways becomes 
steeper than 17% (6 to1) then I think a barrier becomes necessary.  Currently where 
the grade is somewhere between 3 to1 and 4 to 1then a barrier is considered.  I think 
this should be flatter as the way we topsoil our batters (they are generally very soft)is 
not conducive to a vehicle being able to recover on a 4 to 1 slope, hence I think they 
should be flatter. 
3. 10:1 
4. Steeper than 2:1 batters and/or a height difference of over 1.5 - 2.0 m. 
 
Q8: From your design experience, how are horizontal curves accounted for in a median 
barrier warrant assessment? 
1. Current assessments look at both the inside and outside of curves – I think the 
assessment process for curves works okay. 
2. The current model looks at whether the hazard is on the inside or outside of a curve 
and how far below the design speed the curve is good for.  The new Austroads guide 
is a little more rigorous for the outside of curves but does not take into account the 
inside of curves. The inside of curves features more highly than you would normally 
think, probably due to over-correcting and therefore should be considered. 
3. They are considered but it is usually the other factors that take precedence for 
warrant. Outsides of curves are considered, as is the radius relative to the design 
speed. Good practitioners would be aware of the increased risk of run off accidents 
on the outside of sharp curves. 
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4. Depends on radius of curve, median width and traffic volumes. No specific process is 
used for median barrier, however the process used for barrier (outside) can be used 
to provide basis for barrier in median decisions. 
 
Q9: From your design experience, how are level differences accounted for in a median 
barrier warrant assessment? 
1. It’s generally not and it needs the designer to be aware of the issue as at the moment 
if they get the slope to achieve a 4 to 1 batter then they think everything is fine but it 
needs a more rigorous examination. 
2. It is not directly accounted for in the warrant assessment. Once the level difference 
becomes a hazard it is then taken into account. It is often left to the designer to work 
out where the level difference becomes a hazard. 
3. Level differences affect the ability to recover and redirect a vehicle as well as the 
severity of an accident. 
4. Heights over 1.5 – 2.0 m combined with batter slopes of 2:1 or steeper whereby the 
fact that it is a median is not relevant and the requirement is based on the hazard i.e. 
height or slope of batter or both. 
 
Q10: From your design experience, how is the combination for outside of a curve with a 
grade down to the adjacent carriageway accounted for in a median barrier warrant 
assessment? 
1. I think its covered okay – the issue is that having a borderline slope (e.g. 4 to 1) and if 
it’s not constructed well can lead to concerns. We need to try to get flatter batters to 
aid recovery. 
2. In the current method and the new Austroads method both the outside of a curve 
and the downgrade are taken into account. Possibly the Austroads method is a little 
more robust. 
3. Not that well. They are generally treated in isolation, and would raise the risk 
however when they exist together the resultant risk is multiplied. 
4. As per Q8. Dual carriageways in rural high-speed areas typically have large radii so 
this is not considered in barrier assessments. Depending on the median width, i.e. 
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greater than 10m, then a barrier is currently not being considered necessary if no 
hazard exists in the median i.e. height / steep batter. 
3.3 Discussion 
 
1. The practitioners ranked the factors in relation to their importance to warrants for 
median barriers on high-speed divided carriageways. As expected, vehicle speed, 
median width and traffic volume were ranked as the top three. 
2. WRSB appear to be preferred for a less severe impact on errant vehicles however 
rigid barriers are needed in tight areas. 
3. General consensus that a barrier should be provided where the median is less than 
11 m in width and mandatory when median is less than 9m in width. One view was to 
install a WRSB on either side regardless of road geometry. 
4. Respondents had a range of answers, between 7 and 11 metres. 
5. 750m radius is desirable minimum. This radius is generally considered to require an 
extra 1m to median width to avoid a median barrier. 
6. Responses vary 
7. Agreement that grades below certain figure would not create an additional hazard 
however the threshold grade nominated varies significantly from 10:1 to 2:1. 
8. General agreement that hazards outside of a curve need to be accounted for. 
9. Level difference is generally not accounted for well in median barrier assessments. 




 Vehicle speed ranks up with traffic volume and median width 
 Level differences between carriageways was perceived as a major factor 
 Horizontal curvature, heavy vehicles % and fatigue zones were also significant factors 
 
Not common: 
 Heavy vehicles can punch through flexible barriers  
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Chapter 4: Risk Factor Analysis 
4.1 Methodology 
An analysis of the identified risk factors was carried out to quantify the identified risks and 
consider the effect of a combination of multiple risk factors. The following procedure was 
used: 
1. Investigate cross-median crash risk factors from literature review. The combination 
of several factors may increase the accident rate. 
2. Attempt to quantify the risk factors using theoretical models and relevant literature.  
a. Stopping distance down a slope 
b. Runoff distance 
c. Distraction factor 
d. Horizontal Curvature 
3. Propose Cumulative risk factor equation 
 
4.2 Consideration of individual risk factors 
One risk factor identified in the questionnaire was lane width. For the purpose of high-speed 
divided carriageway alignments, lane width is typically 3.5 metres wide. This lane width is 
considered a constant for the purpose of this study. As it is a desirable width at 3.5 metres, it 
is not considered to be a safety risk for this assessment. 
Posted speed limit is not considered as a variable for the purpose of this study as it is 
generally consistent at 100 km/h to 110 km/h on all major divided carriageway highways. 
4.2.1 Lane Departure Due to Horizontal Curvature 
The distance from where a vehicle would depart from the fast lane to the point of impact for 
a vehicle in the fast lane of the opposing carriageway would change depending on the 
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departure angle and the horizontal curvature of the highway alignment. Figure 9 shows the 
geometric factors to consider this departure distance to a point of conflict.  
 
Figure 9 – Determination of departure path length to the point of conflict 
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Graham et al (2014) found that the range of roadway departure angles was found to be from 2.9 
degrees to 22 degrees. They also found that the average roadway departure angle for both median 
and right-side encroachments was 14 degrees. The calculations for the range from 2.9 to 22 degrees 
can be found in Appendix D. 
 
Table 5 - Distance to Conflict Point at a 14 degree departure angle 
  
Median Width (m) 
2 4 6 8 10 12 14 16 18 
Separation (m) 
















500 19 26 33 40 46 52 58 63 69 
1000 20 27 35 42 49 56 63 69 76 
1500 20 28 36 43 50 58 65 72 79 
2000 20 28 36 44 51 59 66 73 81 
2500 20 28 36 44 52 59 67 74 82 




Assumptions made:  
 1m shoulder 
 0.5m distance inside median edge line 




Figure 10 - Distance to Conflict Point at a 14 degree departure angle 
 
With a reduction in the horizontal curve radius, the distance from where a vehicle could 
depart the carriageway to the point of conflict with oncoming traffic is reduced. 
The horizontal curves generally used for high-speed highways are greater than 750 metre 
radius. The graph above shows that the range of likely curve radii for a high speed road 
alone is unlikely to make a major difference in the run off distance to a conflict point 
however there is a difference that could add to the risk of a collision, despite the run off 




4.2.2 Horizontal Curvature 
Donnell and Mason (2006) found that a tangent alignment decreases the expected cross-
median crash frequency by nearly 31% when compared to a curvilinear alignment. 
Conversely it can be stated that the crash frequency increases by 45% for a horizontally 
curved section of road when compared to a straight section. This factor of 45% however 
represents curves with a radius of less than 500 metres.  
The minimum curve for a high-speed alignment like the pacific highway is 750 metres. The 
desirable radius is 1200 metres.  
The existing guidelines for median barrier warrants would be assumed to be considering 
straight horizontal alignments. Large radius curves would be assumed to be a similar risk to 
the straight alignments. However, the closer you approach the 500 metre or less radius, the 
closer to the 45% increase in risk. This would not be expected to be a linear relationship. 
Further study is required to better quantify the level of risk attributable to varying curve 
radii. 
4.2.3 Stopping Distance down a Sloped Median 
Hu and Donnell (2010) found that crash rates into barriers were greater for a sloped median 
than a flat median. This is consistent with the questionnaire respondents who rated a sloped 
median as a risk factor in cross median crashes. When a vehicle departs from its travel lane, 
a sloped median would make it more difficult to regain control. Obviously a vehicle travelling 
down a slope will require more force to stop as opposed to vehicle on a flat median.  
In addition, if the median surface has a lower friction coefficient, it will require a longer 
distance to bring the vehicle to a complete stop. A loose gravel median could be considered 
as a worst case median surface. The coefficient of friction would reduce from 0.36 for a 
typically wet pavement, to 0.27 for a gravel surface (Table 2). 
To consider the effects of a change in cross-fall on the trajectory path and also considering 
the surface friction values, the stopping sight distance equation can provide an indication of 
the relative increase in risk for changes in those factors. 
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Reaction time is assumed to be constant at 2.5 seconds (Austroads, 2015c). Velocity is 
assumed to be the design speed of 110 km/h for major freeways such as the Pacific Highway.        






    (Austroads 2015c) 
Where:  
SSD = Stopping sight distance (m) 
RT = Reaction time (2.5 s) 
V = Velocity (Assumed 110 km/h = 30.556 m/s) 
D = Coefficient of deceleration 
a = down grade (%) 
 
Table 6 - Stopping site distances 




Down Grade (%) 
  
















0.1 553 606 672 757 870 1029 
0.15 394 417 443 473 509 553 
0.2 315 327 341 357 374 394 
0.25 267 275 284 293 303 315 
0.3 235 241 247 253 260 267 
0.35 212 217 221 225 230 235 
0.4 195 199 202 205 209 212 
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Figure 11 - Stopping Sight Distances 
Reductions in the coefficient of friction can result in a significant increase in stopping 
distance, particularly at lower coefficients values. The downgrade of a median slope can also 
increase the stopping distance, more so with lower coefficients of friction. 
One limitation with considering the cross median slope is the angle of departure from the 
traffic lane where it is extremely unlikely to be perpendicular to the traffic lane.  
The departure angle is typically at 14 degrees to the lane alignment, resulting in a lesser 
grade than the cross-fall of the median. A longitudinal downgrade should be considered in 
this mix and would add to the risk factor. 
 
An alternate approach to the above method for quantifying this risk factor is to utilise the 
clear zone nomograph from the RTA Road Design Guide (Figure 12). The clear zone is the 
lateral distance from the travelling lane that is free of hazards to the motorist. In a divided 
carriageway situation the nearest opposing traffic represents a hazard to the motorist. A 
cross-median slope can accentuate the risk of an errant vehicle crossing the median. Figure 





































Figure 12 - Clear Zone Nomograph (RTA 1996) 




4.2.4 Distraction Factor 
Head-on crashes are usually due to drivers unintentionally ‘wandering’ into the opposing 
traffic lanes due to inattention (Neuman et al. 2003). This is supported by Oxley et al. (2004), 
who states that head-on crashes are mainly caused by drivers wandering onto the road 
shoulder and then over-correcting and entering the opposing traffic flow; or the when the 
driver’s attention is diverted from the lane ahead by other movements, such as watching for 
traffic moving in merging lanes. 
The presence of sources of distraction, such as: 
 interchange  
 merging lanes 
 on ramps / off ramps (Harwood et al, 2014) 
 junctions (Anastasopoulos et al, 2012) 
 access point (Shosseinpour, Yahaya and Sadullah, 2014) 
These sources can lead to distractions that may cause the vehicle to depart from the 
travelling lane in an uncontrolled manner. There is no apparent quantification of the level of 
risk involved, relative to an alignment free of those distractions. You would expect that the 
risk would be proportional to the level of distraction.  
Based on the magnitude of other risk factors, the presence of an interchange would be 
expected to increase the risk of a vehicle departing the travelling lane by in the order of 10-
20%. However further study is required to be able to quantify this risk.   
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4.3 Cumulative Risk Factor 
The literature review and questionnaire results have indicated that a combination of risk 
factors should be quantified as a multiplication of the individual risk factors. With respect to 
the individual risk factors identified in the previous section, this section will determine the 
effect of the multiplication of these risk factors. 
 
Each factor is individually evaluated and quantified:  
 The lane departure due to horizontal curvature factor is calculated by assuming a 
departure angle of 14 degrees and using the curve radius of the site in question. This 
is incorporated into the horizontal curve analysis (Figure 9 and equations below) to 
produce a risk factor. 
 The horizontal curvature factor can be quantified relative to the maximum risk factor 
identified in Donnell & Mason Jr (2006).  
 The stopping distance down a sloped median factor is compared to the assumed 
control for a flat median surface. Assuming a 14 degree departure angle and the site 
specific median slope, the downgrade of the vehicle path down the median slope at 
14 degrees is found. The stopping distance is then calculated for that downgrade and 
coefficient of deceleration for any change in surface characteristics. 
 In the absence of further studies, the distraction factor is assumed to be in the range 
of 0 to 20% increase in risk compared to a straight alignment without distractions. 
 
The cumulative risk factor (CRF) is then calculated from the multiplication of the four 
individual risk factors mentioned above. This gives the percentage increase in risk, which is 
then used to expand the envelope on Figure 2 where a median barrier is considered 
necessary. 
 
Reducing the traffic threshold by the CRF provides the new limit for the y-axis of Figure 2. 
For example, where traffic volume = 20000 and the CRF is 1.40, the new limit can be 
calculated. The new limit is 20000 / 1.40 = 14286. Increasing the median width threshold by 
the CRF gives the new limit. For example, 10m x 1.40 = 14m. Compare the circumstances of 




Figure 13 - Example of revised thresholds for median barrier warrants 
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Chapter 5: Case Study Sites 
The locations of the two case study sites are on a newly constructed section of the Pacific 
Highway near Coffs Harbour. The project was a design and construct contract and the 
contractors designer was motivated to reduce costs. The lack of a median barrier at these 
locations was first raised as an issue by the clients design manager.  
5.1 Methodology 
The following procedure was used: 
1. The two case study sites on the Pacific Highway (North of Coffs Harbour) were 
inspected by: 
a. Driving through the site using a GoPro camera to record a video of the site, 
and take pictures in a safe manner.  
b. Identifying risk factors present on site that were not evident on design plans. 
2. Obtain design plans of the two case study sites from RMS. These are located in 
Appendix E. 
3. Find out AADT and median width, curve radius of sample sites 
4. Compare the design plans against the as-built road for features not evident on the 
plans against identified risk factors 
5.2 Results 
The design plans were compared against the as-built road in relation to the identified risk 
factors not evident on the plans. The following item was observed: 
 The surface in the median was loose material. This causes a reduction in friction, 
therefore increasing the stopping distance required. 
5.2.1 Moonee Interchange 
Figure 14 is taken from the overbridge and the northbound off-ramp can be seen to the right 
of the photo. The photo is looking south and it shows a curved alignment. The northbound 
carriageway has the median on the outside of the northbound curve, which increases the 
risk of a cross-median crash. Wire rope safety barrier exists however it stops short of a 
tangent line from the approaching straight. The southbound carriageway is at a lower level 
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than the northbound carriageway which further increases the risk of a cross-median crash. 
The Moonee interchange has the following characteristics: 
 AADT = 20,000 
 Median width = 12m 
 Median slope = 10:1 
 Curve radius = 1400m 
 Risk factors: differential elevation, horizontal curvature, interchange 
 
Figure 14 - 12.4 km North of Coffs Harbour, near Moonee Beach Interchange 
For this site, the first factor of lane departure due to horizontal curvature is calculated by 
assuming a 14 degree typical departure angle and a curve radius of 1400 metres. It reduces 
the stopping distance from 62 metres to 57 metres. Dividing 62 by 57 gives a calculated risk 
factor of 1.088 (F1). 
Given that the desirable radius is 1200 metres and this site has a radius of 1400 metres, the 
risk factor would be much lower than the 1.45 indicated by Donnell and Mason (2006) for a 
radius of less than 500 metres. It is assumed that the risk increase would be in the order of 
10%. There for the risk factor for horizontal curvature is 1.1 (F2). 
For a median slope of 10:1 and coefficient of deceleration of 0.30 (assumed to be reduced 
from the 0.36 implied in the standard). Assuming a 14 degree departure angle, the 
downgrade of the median slope would be 14/90 degrees for a 10:1 slope which is 
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perpendicular to the travel lane. This results in a downgrade of 1.55% along the 14 degree 
departure angle path. This increases the stopping distance from 209 metres to 244 metres. 
The calculated risk factor is 244/209 = 1.167 (F3). 
There is an increase in distraction for the presence of the interchange however there is only 
a diverge to the northbound off-ramp nearby. Weaving movements are possible due to last 
minute driver decisions regarding selection of the off-ramp. A distraction factor is assumed 
to be in the order of 1.1 (F4). This assumes a 10% increase in crashes due to the presence of 
the interchange. 
The combination of these risk factors results in the following equation: 
Cumulative Risk Factor (CRF) = F1 x F2 x F3 x F4 
CRF = 1.088 x 1.1 x 1.167 x 1.1 = 1.54. 
 
This represents a 54% increase in the risk of a cross-median crash compared to a straight 
alignment under normal conditions. Reducing the traffic threshold by the CRF produces the 
new limit of 12990. 20000 / 1.54 = 12990  
 
Increasing the threshold median width for median barrier warrants. 10 x 1.54 = 15.4 
 
   
Barrier Required 
Figure 15 - Moonee Beach Interchange site revised median barrier warrant 
graph 
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In this case, the circumstances for the Moonee Interchange site fall within the revised 
threshold for a median barrier. 
5.2.2 Graham Drive 
Figure 16 is taken from the overbridge and the northbound on and off-ramp can be seen to 
the left of the photo. The southbound off-ramp can be seen to the right. The photo is looking 
north and it shows a curved alignment. The northbound carriageway has the median on the 
outside of the northbound curve, which increases the risk of a cross-median crash. There is 
no barrier on the outside of the northbound carriageway curve that would cover departure 
angles up to 20 degrees. The surface of the median was considered very loose and there is 
some evidence of wheel marks in the median. The southbound carriageway is at a lower 
level than the northbound carriageway which further increases the risk of a cross-median 
crash. Graham Drive has the following characteristics: 
 AADT = 20,000 
 Median width = 15m 
 Median slope = 10:1 
 Curve radius = 1000m 
 Risk factors: Differential elevation, Horizontal curvature, Interchange 
 
Figure 16 - 19.1 km North of Coffs Harbour at Graham Drive, Sandy Beach 
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For this site, the first factor of lane departure due to horizontal curvature is calculated by 
assuming a 14 degree typical departure angle and a curve radius of 1000 metres. It reduces 
the stopping distance from 74 metres to 66 metres. Dividing 74 by 66 gives a calculated risk 
factor of 1.121 (F1). 
Given that the desirable radius is 1200 metres and this site has a radius of 1000 metres, the 
risk factor would be much lower than the 1.45 indicated by Donnell and Mason (2006) for a 
radius of less than 500 metres. It is assumed that the risk increase would be in the order of 
15%. There for the risk factor for horizontal curvature is 1.15 (F2). 
For a median slope of 10:1 and coefficient of deceleration of 0.30 (assumed to be reduced 
from the 0.36 implied in the standard). Assuming a 14 degree departure angle, the 
downgrade of the median slope would be 14/90 degrees for a 10:1 slope which is 
perpendicular to the travel lane. This results in a downgrade of 1.55% along the 14 degree 
departure angle path. This increases the stopping distance from 209 metres to 244 metres. 
The calculated risk factor is 244/209 = 1.167 (F3). 
There is an increase in distraction for the presence of the interchange. Relative to the 
Moonee Interchange site, the additional ramps increase traffic movements and distraction. 
A distraction factor is assumed to be in the order of 1.15 (F4). This assumes a 15% increase in 
crashes due to the presence of the interchange. 
The combination of these risk factors results in the following equation: 
Cumulative Risk Factor (CRF) = CRF F1 x F2 x F3 x F4 
CRF = 1.21 x 1.15 x 1.167 x 1.20 = 1.81. 
This represents an 81% increase in the risk of a cross-median crash compared to a straight 
alignment under normal conditions. 
Reducing the traffic threshold by the CRF produces the new limit of 11050. 
20000 / 1.81 = 11050  
Increasing the threshold median width for median barrier warrants. 
10 x 1.81 = 18.1 
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Figure 17 - Graham Drive South site revised median barrier warrant graph 
In this case, the circumstances for the Graham Drive site fall within the revised threshold for a 
median barrier. 
 
   
Barrier Required 
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Chapter 6: Barrier Type Considerations 
There are three main types of barriers for use in highway medians, such as; concrete, 
guardrail, and wire rope safety barrier. Each differs in cost and performance. One of the 
major performance factors for barriers is dynamic deflection. Dynamic deflection is the 
deformation of the barrier system under impact and it is calculated as the distance between 
the traffic face of the system in its initial condition and its maximum displacement. 
Concrete barriers are the most expensive barrier type at typically $400-600 per metre. They 
are typically used in narrow medians as they are rigid and have negligible dynamic 
deflection. Guardrail and wire rope barrier have greater dynamic deflections and are 
cheaper at typically $130 and $135 per metre respectively. Guardrail also requires additional 
end treatments such as a Modified Eccentric Loader Terminal (MELT) at $4400 each and a 
Trailing Terminal at $1600 each. However they are both more easily damaged by impacts 
and require repairs after each impact. The ongoing costs need to be considered when using 
these types of barriers and will depend on frequency the barrier is hit. These rates were 
obtained from approximate average rates in the RMS tender rates database. RMS tender 
rates are for initial installation costs only that usually rely on sufficient quantities to have 
economies of scale in the pricing. Replacement costs for short lengths are likely to be 
significantly higher.  
 
Figure 18 - Approximate barrier rates per metre 
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It is difficult to establish a benefit cost ratio for installation of these barriers on new 
highways as there is no crash history to consider. There are predictive models which can 
predict the likelihood of crashes with and without median barriers to produce a benefit cost 
ratio (Chimba et al, 2014; Chitturi et al, 2011; Donnell & Mason Jr, 2006). However, there is 
no base ratio to compare with. The total cost of barrier should be less than the benefits to 
be derived from it. If no barrier exists and severe cross-median crashes are occurring, then 
you must weigh up the cost up against putting the barrier in.  
Austroads (2015a) states that crash costs may be calculated based on the human capital 
approach or the willingness-to-pay approach. The human capital approach identifies all 
losses which occur as a result of road traffic crashes as a total cost to the nation. This 
includes loss of life, productivity, medical, legal and property damage costs. The willingness-
to-pay approach estimates the value of life in terms of the amounts individuals are prepared 
to pay to reduce risks to their lives. 
 
Table 7 - Cost of road crashes (Austroads 2015a) 
Crash severity 
Cost of road crashes using different methods 
Human capital approach Willingness-to-pay approach 
Fatal crash $ 3,083,000 
$ 7,192,000 (urban) 
$ 7,111,000 (non-urban) 
Serious injury crash $ 307,500 
Serious injury 
$ 350,000 (urban) 
$ 219,000 (non-urban) 
Hospital injury 
$ 85,000 (urban) 
$ 64,000 (non-urban) 
Other injury crash $ 17,000 
$ 18,500 (urban) 
$ 23,000 (non-urban) 




Figure 19 - Barrier types 
Artimovich (2014) summarised the three basic categories of median barriers: rigid barrier 
systems, semi-rigid barrier systems, and flexible barrier systems. These can be seen in Table 
8: Pros and Cons of the main 3 median barrier types. Jurewicz & Steinmetz (2012) found that 
application of continuous flexible barriers was the most effective safety barrier solution 
among those that they reviewed. 
Table 8: Pros and Cons of the main 3 median barrier types (Artimovich, 2014) 




 Relatively low life-cycle cost. 
 Have proven to be highly effective in 
locations with high traffic volumes and 
high speeds. 
 High initial cost. 





 Most suitable for use in medians with 
no or little change in grade. 
 More difficult to install in 
locations with slope and poor soil 
conditions than rigid barriers. 
Flexible  
(e.g. cable) 
 Minimises the forces on the vehicle and 
its occupants and absorbs most of the 
energy of a crash. 
 Lower installation cost. 
 Maintenance is required after a 






Chapter 7: Conclusion 
This project has reviewed relevant Australian and international guidelines, standards, and 
literature in order to identify and attempt to quantify all significant risk factors contributing 
to cross median crashes on high-speed divided carriageways.  
The literature review provided an extensive review of the existing guidelines. The 
consistency could not be relied on as the designer’s professional judgement is necessary to 
consider the hazards. The presence of individual judgement will result in some inconsistency 
of application of the guidelines. 
The questionnaire indicated some inconsistencies in the selection of median barriers on 
high-speed divided carriageways. Again, professional judgement results in some 
inconsistency of application. 
This paper proposes to multiply individual risk factors to widen the envelope of circumstance 
where the median barrier is considered mandatory. 
The proposed revised guidelines were applied to the two case study sites on the recently 
constructed Pacific Highway, North of Coffs Harbour. The Moonee Interchange site was 
found to just outside of the revised mandatory envelope which may possibly still warrant a 
median barrier. The Graham Drive site was found to be within the revised envelope. 
Therefore a median barrier is warranted at this site, which reflects the views of some 
experienced road designers. 
7.1 Recommendations 
One way of assessing the cumulative risk of cross-median crashes at a specific location is to 
use a combination of results from relevant literature and the application of physics. For each 
location, a formula is used to produce a risk factor from first principles. It is recommended 
that each risk factor is calculated individually and then multiplied together to give a 
combined risk factor. The AASHTO (2011) median barrier warrant graph is used to expand 
the threshold for median barrier warrants. 
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7.2 Further study 
More quantification of risk factors is needed. For example, the increased risk of distractions 
– may never get a factor as every distraction is different and some are more distracting than 
others. Further study is needed to find relationship between factors in combination. Before 
and after effects of installation of different types of barriers is needed. Also it needs to be 
determined if other factors can be quantified and included. 
7.3 Application to case study sites 
Both case study sites were considered against the revised thresholds determined for each 
site. The Moonee Interchange site and the Graham Drive South site were both found to be 
within the threshold and warranted a median barrier by this assessment. 
7.4 Limitations 
Some of the risk factors rely on other studies that have a level of subjectiveness, difficulty 
determining risk factors, scaling factors to suit need, could be more work done to better 
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Appendix A -  Project Specification 
University of Southern Queensland 
FACULTY OF ENGINEERING AND SURVEYING 
ENG4111/4112 Research Project 
PROJECT SPECIFICATION 
FOR: LACHLAN NASH 
TOPIC: A REVIEW OF WARRANTS FOR TRAFFIC BARRIERS IN DIVIDED CARRAIGEWAY 
MEDIANS 
SUPERVISOR: Mr Trevor Drysdale 
PROJECT AIM: This project seeks to review warrants for traffic barriers for suitability on 
high-speed divided carriageway medians, specifically for the Pacific Highway.  
PROGRAM: Issue A, 18 March 2015 
 
1. Research the background information relating to warrants for traffic barriers in divided 
carriageway medians: 
a. To collect information relating to theory that the current guidelines and standards are based 
upon, and  
b. To determine the relationship and importance of contributing factors for median barrier 
warrants on high-speed divided carriageways (e.g. average daily traffic, median width, 
alignment, vehicle speed, absence of vegetation, level differences, regional areas, climate 
conditions, and surface considerations).  
c. To source road crash data for specified locations. 
2. Source design plans and costs of types and configurations of traffic barriers. 
3. Conduct interviews with industry experts from Roads and Maritime Services. 
4. Source photographs of the specified locations on the Pacific Highway, and compare the designs 
against the as-built road for features not evident on the plans that may contribute to crash risk. 
5. Perform a cost benefit analysis to address the relative benefit and cost of an incremental change 
which, in the context of this project, is adding a median barrier to an existing divided 
carriageway. The benefit/cost ratio will take into account the following: installation cost, 
maintenance cost per year, and repair cost per crash. 
6. Analyse available crash data to see how often a barrier has been repaired, how many head-on 
collisions have occurred and how many vehicles have crossed the median in recorded crashes. 
7. Report findings in the required written and oral formats. 
AGREED: 
___________   (Student)                __________   (Supervisor) 
___ /___ /___                                ___ /___ /___ 
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Appendix B -  Questionnaire 
Research Project Questionnaire 
A Review of Warrants for Traffic Barriers in Divided Carriageway Medians 
Name: _______________________________________________ 
Position: ____________________________________________ 
Years of road design experience: _________________ 
Please answer questions in your personal opinion, independent of the road design guidelines. 
Question 1 
Please rank the following factors on how important they are to a warrant assessment for median 
barriers on high-speed dual carriageway highways, with (1) being high importance and (5) 
being low importance.   
 AADT   Climate 
 Median width   Road surface 
 Vertical alignment   Median surface 
 Horizontal alignment   Delineation 
 Vehicle speed   Other ___________________ 
 Level differences   Other ___________________ 






Are there any differences between the different barrier types in the median that would impact 




At 110km/h on a straight alignment, in your opinion at what median width would a barrier not 





At 110km/h on a straight alignment, in your opinion at what median width would you consider a 




At 110 km/h on a 750 m radius horizontal curve, in your opinion at what median width would a 




At 110 km/h on a 750 m radius horizontal curve, in your opinion at what median width would 




Is there a minimum grade between carriageways where you consider the median width to not be 














From your design experience, how is the combination for outside of a curve with a grade down 
to the adjacent carriageway accounted for in a median barrier warrant assessment? 
_______________________________________________________________________________________________________________
_______________________________________________________________________________________________________________ 
Thank you for your participation in my questionnaire. 
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Appendix C -  Questionnaire Responses 
Research Project Questionnaire 
A Review of Warrants for Traffic Barriers in Divided Carriageway Medians 
Name: Michael Bulmer 
Position: Pacific Highway Design Manager 
Years of road design experience: 38 
Please answer questions in your personal opinion, independent of the road design guidelines. 
Question 1 
Please rank the following factors on how important they are to a warrant assessment for median 
barriers on high-speed dual carriageway highways, with (1) being high importance and (5) 
being low importance.   
1 AADT  3 Climate 
1 Median width  3 Road surface 
3 Vertical alignment  4 Median surface 
2 Horizontal alignment  2 Delineation 
1 Vehicle speed  2 Other -heavy vehicles e.g pacific 
Highway________________ 
2 Level differences  3 Other Fatigue zone (moving north) 
___________________ 
3 Road lighting   Other ___________________ 
 
Comments: 
The volume (AADT) of the road is an important factor as the presence or likelihood of a vehicle 
in the opposing lane is a major factor in the severity or outcome of a vehicle crossing the median.  
If a driver has a wide enough and traversable median he had the opportunity to recover. 
The mix of heavy vehicles can be an important factor as these vehicles can generally punch 
through WRSB and W-beam barriers. 
 
Question 2 
Are there any differences between the different barrier types in the median that would impact 
on their performance at that location? 
All barriers must be treated as hazards and therefore should only be installed if necessary. 
Impacting a WRSB is significantly less severe on the vehicle occupant then impacting a concrete 
barrier. The issue of what is beyond the barrier also dictates what type of barrier needs to be 
used e.g. adjacent to bridges over railways and major roads a concrete barrier should be 
installed as a vehicle crashing through the barrier traveeling down between the bridges onto 
the railway or riad below can have huge implications. 
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Question 3 
At 110km/h on a straight alignment, in your opinion at what median width would a barrier not 
be considered?  
>11m taking into account AADT and % heavies 
 
Question 4 
At 110km/h on a straight alignment, in your opinion at what median width would you consider a 
barrier to be mandatory?  
,9m we have a number of Pacific Highway projects with 9m medians and we have only placed 
barriers on the curves and that seems to be working okay 
 
Question 5 
At 110 km/h on a 750 m radius horizontal curve, in your opinion at what median width would a 
barrier not be considered? 
>11m taking into account AADT and % heavies 
 
Question 6 
At 110 km/h on a 750 m radius horizontal curve, in your opinion at what median width would 
you consider a barrier to be mandatory?  
<11m taking into account AADT and % heavies 
 
Question 7 
Is there a minimum grade between carriageways where you consider the median width to not be 
relevant to the median barrier assessment?  
The flatter the better as it aids in vehicle recovery. I have issues with 4 to 1 in the median and 
prefer them to be >5 to1 
 
Question 8 
From your design experience, how are horizontal curves accounted for in a median barrier 
warrant assessment? 
Current assessments look at both the inside and outside of curves – I think the assessment 
process for curves works okay. 
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Question 9 
From your design experience, how are level differences accounted for in a median barrier 
warrant assessment? 
Its generally not and it needs the designer to be aware of the issue as at the moment if they get 




From your design experience, how is the combination for outside of a curve with a grade down 
to the adjacent carriageway accounted for in a median barrier warrant assessment? 
 
I think its covered okay – the issue is that having a borderline slope (e.g. 4 to 1) and if its not 
constructed well can lead to concerns. We need to try to get flatter batters to aid recovery. 
 
Thank you for your participation in my questionnaire. 
  
 61 
Research Project Questionnaire 
A Review of Warrants for Traffic Barriers in Divided Carriageway Medians 
Name: __Peter Ellis__________________________________ 
Position: __Manager Design Review and Special Projects____ 
Years of road design experience: ___36_________ 
Please answer questions in your personal opinion, independent of the road design guidelines. 
Question 1 
Please rank the following factors on how important they are to a warrant assessment for median 
barriers on high-speed dual carriageway highways, with (1) being high importance and (5) 
being low importance.   
1 AADT  3 Climate 
1 Median width  4 Road surface 
4 Vertical alignment  3 Median surface 
2 Horizontal alignment  2 Delineation 
1 Vehicle speed  2 Other ___Fatigue Zone_ 
2 Level differences  2 Other __High Heavy vehicle %_ 
3 Road lighting   Other ___________________ 
 
Comments: 
In the past the thinking has been that the higher the AADT, the increase in probability that a 
vehicle may cross the median and with the higher AADT then the more likely that vehicle will be 
to hit a vehicle on the opposing carriageway.  I believe there are more factors that may increase 
the probability beyond an acceptable level, including horizontal alignment, whether the area is a 
known fatigue zone, etc. 
 
Question 2 
Are there any differences between the different barrier types in the median that would impact 
on their performance at that location? 
Different barriers have different limitations from a geometric point of view.  Such as wire rope 
barrier can only be used where horizontal curves are greater than 200m and sag vertical curves 
are not too sharp.  Ant there is a requirement that the deflection distance is maintained free 
from hazards.  Generally wire rope has the lowest severity index of all the barriers. 
 
In some cases concrete barriers is used, due to width restrictions or geometry constraints.   
 
There are now some steel barriers on the market that have a similar severity index to wire rope 
safety barrier. 
 
From a safe system approach, the barrier with the lowest severity index should be used given 




At 110km/h on a straight alignment, in your opinion at what median width would a barrier not 
be considered?  
Somewhere between 11 – 15m, depending on traffic volumes and % of heavies. 
 
Question 4 
At 110km/h on a straight alignment, in your opinion at what median width would you consider a 
barrier to be mandatory?  
Less than 9m. 
 
Question 5 
At 110 km/h on a 750 m radius horizontal curve, in your opinion at what median width would a 
barrier not be considered? 
Depending on traffic volumes, etc somewhere in the order of 11-12m. 
 
Question 6 
At 110 km/h on a 750 m radius horizontal curve, in your opinion at what median width would 




Is there a minimum grade between carriageways where you consider the median width to not be 
relevant to the median barrier assessment?  
Do you mean maximum grade?  Once the grade between carriageways becomes steeper than 
17% (6 to1) then I think a barrier becomes necessary.  Currently where the grade is somewhere 
between 3 to1 and 4 to 1then a barrier is considered.  I think this should be flatter as the way 
we topsoil our batters (they are generally very soft)is not conducive to a vehicle being able to 




From your design experience, how are horizontal curves accounted for in a median barrier 
warrant assessment? 
The current model looks at whether the hazard is on the inside or outside of a curve and how far 
below the design speed the curve is good for.  The new Austroads guide is a little more rigorous 
for the outside of curves but does not take into account the inside of curves.  The inside of 
curves features more highly than you would normally think, probably due to over-correcting 
and therefore should be considered. 
 
Question 9 
From your design experience, how are level differences accounted for in a median barrier 
warrant assessment? 
It is not directly accounted for in the warrant assessment.  Once the level difference becomes a 
hazard it is then taken into account.  It is often left to the designer to work out where the level 
difference becomes a hazard. 
 
Question 10 
From your design experience, how is the combination for outside of a curve with a grade down 
to the adjacent carriageway accounted for in a median barrier warrant assessment? 
In the current method and the new Austroads method both the outside of a curve and the 
downgrade are taken into account.  Possibly the Austroads method is a little more robust. 
 


































Appendix D -  Calculations for Lane Departure (2.9 – 22 
degrees) 
Distance to conflict point 
        
  
Median Width (m) 
  
  























500 50 62 73 83 92 101 109 116 123 
  1000 62 78 93 107 119 130 141 152 162 
  1500 68 88 105 121 136 150 163 175 187 
  2000 73 94 114 132 149 164 179 193 207 
  2500 76 99 121 140 158 176 192 207 222 
  3000 79 103 126 147 166 185 202 219 235 
  
             
 
Assumptions: 





         
 
0.5 
Distance inside median edge line 
(m) 





       
 
0.051 Departure Angle (radians) 
       
 
 
            
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             































Distance to conflict point 
        
  
Median Width (m) 
  
  























500 13 18 23 28 32 37 42 46 50 
  1000 13 18 23 28 33 38 43 48 53 
  1500 13 18 24 29 34 39 44 49 54 
  2000 13 18 24 29 34 39 44 49 54 
  2500 13 19 24 29 34 39 44 50 55 
  3000 13 19 24 29 34 39 45 50 55 
  
             
 
Assumptions: 





         
 
0.5 
Distance inside median edge line 
(m) 










       
 
 
            
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             
             




































Appendix E -  Sample Site Design plans 
 
 
 
















